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Osteoarthritis (OA) is a debilitating disease that affects an estimated 27 million adults in the United States.  
OA causes damage to cartilage in the joints resulting in bones that rub together.  This creates pain, swell-
ing, loss of motion of  the joint, and bone spurs.  As the number of adults above 65 grows (an estimated 72 
million people by 2030) even more people will be at high risk for OA.  It is the most common type of ar-
thritis by far yet very little is known about it including relationships between joint structure and function.  
In 2004, the NIH created the Osteoarthritis Initiative (OAI) which tracks participants for 5 years looking 
for physical signs that indicate changes in the joint cartilage [1].  Other research includes the creation of 
diagnostic tools to detect onset of the disease.  Genetic studies search for ties between OA and gene muta-
tions.  This research involves the creation of accurate 3D models to determine the in-vivo function in the 
guinea pig knee model of osteoarthritis.  These models will be created using a 3D imaging technique 
called, X-Ray Reconstruction of Moving Morphology(XROMM). 
In order to obtain the necessary data for creation of an accurate 3D model a dual axis X-ray machine is 
used.  A specimen runs down a track inside the X-ray machine.Movement of the joint is tracked in both the 
vertical and horizontal axis.  Various points around the joint are marked with platinum spheres implanted 
onto the surface of the bone.  These markers make possible the collection of precise measurements regard-
ing the movement of various knee structures.  The data derrived from the movement of the knee markers is 
combined with force data collected by force plates on the trackway.  By this method the forces acting upon 
the joint can be determined.  Also vital to the formation of an accurate model are the 3D bone geometries.  
This data can be collected through the use of both micro-CT and micro-MR.
Micro-CT is used to determine the exact geometry of the joint and surrounding bone.Osirix a powerful 
dicom viewer was used to produce the 3D images shown here.  As the research progresses, images such 
as those below will be exported to Maya to create the working 3D model (Figures 1,2).  The red dots pres-
ent on the scans are the platinum spheres that are used for force calculation.  These markers are also 
used in order to properly place the CT scan over the X-ray skeleton.  The image to the right is used to 
calculate the center of mass and the inertia tensors for each limb (Figure 3)
Osteoarthritis is characterized by the degradation of the articular cartilage.  For this reason it is vital to any 
osteoarthritis research to image the soft tissue in the joint area.  Micro-CT scans are unable to image the soft 
tissue effectively and therefore the need arises to use micro-MR.  The image below was taken using a 
Bruker 7T Biospec System at Nevada Cancer Institute.  These images make possible the analysis of the 
tissue for any signs of osteoarthritis in the test subjects.  Thickness of the articular cartilage can be analyzed 
as can the volume.  In longitudinal studies this is invaluable to determine the progress of the disease.  The 
image below is taken using a MSME-PD-T2 protocol whichshows the articular cartilage in white (Figure 4).  
Adjacent to the articular cartilage you can see the subchondral bone in black.
Osteoarthritis is a debilitating disease that is increasing in occurrence as the mean population increases.  
This research project was based around helping to find a real solution to a real problem.  Project goals were 
to determine necessary settings of micro-MR in order to be able to reproduce results in longitudinal studies.  
It was quickly realized that micro-MR would not work to create a 3D model of the joint but rather a combi-
nation of micro-MR and micro-CT.  3D renders of the imaging data were created and protocol written to 
create future renders of in-vivo knee scans.  Data collection was completed on the first sets of force plate 
data and dual axis X-ray scans.  Complete working models of the guinea pig knee model have yet to be 
completed however much progress has been made toward that end.  
